Introduction
The development of wind power engineering is a priority direction in the general term of creating energy-saving resources in many countries. Current projects and developments in this area pose a certain threat to birds. At the UN Climate Conference in Bonn, a number of researchers noted that wind turbines and electric power lines are becoming a particular problem for migratory birds. Low and fast rotating wind power plants (WPP), which were developed in the late twentieth century, were the cause of death of a large number of birds [1] . Only at one wind power farm (WPF) in San Francisco, from 800 to 1,300 birds of prey died each year [2] . Annual mortality at all wind farms of the United States caused by collisions with turbines is 140,000-328,000 birds [3] and 500,000-1,600,000 bats [4] . The number of birds that died on wind generators Enercon E-82 for 8.5 months is estimated at 14.3-29.6 recalculated per one turbine [5] .
The reaction of environmentalists to such inadmissible development of the power market was extremely negative. The main factor responsible for the death of birds is the proximity of a farm to areas with a high density of birds (migration routes, concentration areas, wintering areas) [6] . According to the authors of paper [6] , extended research in this direction ensured obtaining additional information that will help mitigate the adverse impact of the development of wind power engineering on ornitocomplexes.
The advisability of creating new capacities is solved taking into consideration the specific environmental conditions. The death of birds on the territory of a WPF is determined by many factors. Analysis of the causes of deaths of birds on the WPF territory was performed in review paper [7] . The degree of their
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Створена iнформацiйна система для оброб-ки результатiв спостереження птахiв на тери-торiї вiтропарку. Iнформацiйна система забезпечує зберiгання i обробку результатiв монiторингу, про-ведення статистичного аналiзу даних i отримання прогнозу можливостi зiткнення птахiв з лопатями вiтрових електроустановок. Математична модель прогнозування дозволяє проводити розрахунки в разi неповної iнформацiї про параметри вiтроколеса. Як приклад розглянуто екологiчну ситуацiю на тери-торiї вiтропарку "Приморськ-1", який розташований на узбережжi Азовського моря. Опрацьовано iнформа-цiю по 5923 зареєстрованим птахам 45 видiв. У небез-печнiй зонi зiткнення птахiв з лопатями ротора на висотах мiж 48 м i 182 м виявлено 72 особини чоти-рьох видiв: Larus ridibundus (43 птаха), Merops apiaster (15 птахiв), Buteo buteo i Circus aeruginosus, вiдповiд-но, 5 i 9 птахiв. Оцiнювання ризикiв зiткнень здiйсне-но для одного року експлуатацiї вiтрового парку з ура-хуванням поведiнки птахiв у рiзнi сезони рiчного циклу (зимiвля, мiграцiї, гнiздування). На пiдставi отриманих даних проведено аналiз можливостi загибелi птахiв за рахунок їх зiткнення з лопатями роторiв. Розрахунки проводилися за допомогою моделi, яка побудована вiд-повiдно до рекомендацiй Фонду «Шотландська при-родна спадщина». Ймовiрнiсть зiткнення птицi при знаходженнi в просторi ротора слабо залежить вiд її геометричних розмiрiв i знаходиться в межах 11-14 %. Прогнозування загального числа зiткнень у розрахунку на одну турбiну за один рiк перебуває на рiвнi 0,07-0,25 птаха. З цiєї кiлькостi майже половина вiдно-ситься до Larus ridibundus. Сумарна кiлькiсть зiткнень усiх птахiв протягом одного року експлуатацiї вiтро-парку з 26 турбiнами складе майже 1,7-6,5 особин. Отриманi данi узгоджуються з результатами робiт європейських дослiдникiв Ключовi слова: вiтрова електростанцiя, iнформа-цiйна система прогнозування загибелi птахiв, мате-матична модель прогнозування manifestation depends on the type and the number of birds, landscape-biotopic characteristics of the territory, the weather, flock's migration direction, technical parameters of a WPP etc. That is why the development of methods for studying the behavior of birds on the territory of wind farms and prediction of their interaction with wind plants is a relevant task.
Literature review and problem statement
The results of the study of environmental problems and, in particular, the prediction of collision between birds and WPP turbines is largely dependent on the methodology of information collecting and processing. According to paper [8] , for the past 30 years, intensive ornithology research has led to a decrease in the threat of the WPF for birds. This is related to the technical improvement of the WPP, taking into consideration scientifically grounded recommendations during designing, construction and operation of wind farms.
Currently, there are two approaches to the solution of the problem: a theoretical and empirical [9] . The theoretical approach is based on using the formula for calculating the number of collisions of n j birds of the j-th species with WPP turbines
where R fj is the risk of a collision of one bird with turbine blades; n jDang is the number of birds flying in the direction to a wind wheel. It is known that in the WPP zone birds change the flight trajectory and, thereby, avoid collisions with turbine blades. In connection with this circumstance, we will represent magnitude R fj in the form of product of evasion coefficient f j on the probability of a bird collision with blades Р j in case of its passing through the space occupied by a wind wheel, that is:
The probability of a collision can be determined using the integral
where p j (r, φ) is the density of probability of a collision of a bird with turbine blade, and integrating is performed on the whole surface of a wind wheel.
As shown by formulas (1) to (3), a mathematical model of the general form is determined by three parameters. One of them n jDang characterizes the number of birds flying towards a wind wheel. Parameter f j determines the possibility of changing the flight trajectory when encountering the WPP. The third parameter Р j characterizes the probability of a bird collision with blades when getting into the space occupied by a wind wheel.
Correct implementation of the model is possible if there is reliable original information. The value of n jDang is determined according to the data of monitoring birds on the areas belonging to a wind farm. Databases of the MySQL, Microsoft Access type and the others are applied to store information. Observation data are processed using statistical packages of the Excel, Statistica, Mathematica, Maple type. Many researchers prefer their own software development, which better meet the specificity of conditions for monitoring. Thus, in paper [10] , the original program in the form of the Web-application was created for computer support of accounting and analysis of monitoring results. It was effectively used in the study of seasonal ornitocomplexes of birds on the coast of the Sea of Azov [11] . An improved version of this program allows representing the registration material in the form of tables, drawings and graphs [12] .
The value of the second parameter f j in formula (2) is determined in the empirical way. Its magnitude depends on weather conditions and the type of birds. Its most probable value is found in the range of 0.05-0.005 [13] .
The third parameter refers to the probability of the collision of a bird with blades of turbines. The probability was first assessed in paper [14] . The author of this work proceeded from the assumption that a bird has a cruciform shape, its flight trajectory is perpendicular to the surface of a wind wheel, the WPP is operated in a continuous mode, etc.
The mathematical aspect of the calculation of Р j does not have any fundamental difficulties. Modern numerical methods make it possible to determine the integral (3) with any precision. The main source of errors is the original information necessary for calculation. Calculation results in paper [14] contain a large number of assumptions, which is they are qualitative rather than quantitative in nature. However, this method is widely used in a number of studies, for example, in articles [10, [15] [16] [17] .
According to the international standards, performance of the ornithological expert analysis on the territory of a wind farm is a compulsory condition for making decision on the construction of a wind farm. In many cases, it is considered in the absence of any information on many issues relating to the elements of the WPP structure, where the application of the mathematical model (1) to (3) turns out to be impossible. Article [18] contains the analysis of statistical material on bird mortality on 109 wind farms in Europe and North America. The authors of this study concluded that the average number of dead birds is about 0.5-1.0 per one WPP within one-year operation. That is why, at the stage of preliminary analysis of the ecological situation on the territory of a wind farm to estimate the number of bird collisions with turbines in calculation per one WPP, instead of formula (1) 
The method of prediction of the possibility of birds' deaths with the help of assessment (4) was called "empirical model". Naturally, such an approach reflects an averaged situation and implies ornithological studies on the territory of a wind farm. It is known that in some cases the number of collisions of birds with turbines differs from values (4). For example, the death of birds on the territory of a wind farm in study [6] was not detected, while in paper [5] , on the contrary, it is reported that the value of n reaches 10 and more on some farms. Assessment (4) can be trusted in the case of the WPP with the turbines located high in the absence of intense migration paths. Low-power WPP with low-lying wind wheels pose a much greater danger to birds. Thus, 10,017 birds and bats of 170 species died on the territory of the WPP in Spain within the period from 1993 to 2016 [19] .
Correctness of the mathematical forecasting models using formulas (1) to (3) is beyond doubt. The problem of its use is in the choice of the original data. One of the main causes of calculation inaccuracy is related to obtaining and processing the results of monitoring. Another reason stems from the extrapolation of data, obtained on separate sections of a wind farm within a relatively short period, on the entire territory of a farm taking into consideration real time resources of its operation. The study of the influence of these factors on prediction results and assessment of the adequacy of the used model under specific conditions is of great practical significance.
The aim and objectives of the study
The aim of the study is to create IS enabling processing the results of the study of birds' ornitocomplexes and anticipating the possibility of their death on the territory of a wind farm with an assessment of accuracy of the data obtained.
To accomplish the set aim, the following tasks were set: -to develop an algorithm for calculating the number of collisions of birds with the WPP turbines based on the mathematical model (1) to (3); -to create software shell for IS functioning; -to explore the adequacy of the mathematical prediction model;
-to assess the accuracy of the obtained calculation results; -to test the use of the IS based on the analysis of the possibility of collisions of birds with WPP under real conditions.
Source data for a mathematical model
Interaction of birds with turbines is determined by the technical characteristics of the WPP, geometrical parameters of birds, speed, direction and height of their flight, as well as weather conditions (wind velocity, state of the atmosphere, etc.). We will divide the source data for calculations into three groups: technical parameters of the WPP, results of monitoring the birds on the territory of a wind farm and flight characteristics of birds.
1. Technical parameters of a wind farm
High-power WPF contain up to 20 and more WPP. Wind wheels of modern WPP have three blades that are mounted on the hub. Introduce the following designations: R v is the blade length, R 0 is the radius of the hub, N is the number of turbines on the farm territory, d v is the width of the wind wheel blade, γ is the angle of wedging between its chord and the plane of wind wheel rotation. Interaction of a bird with the WPP occurs in the case of its being in a dangerous zone of a wind farm (DZ). By the DZ, we will imply the part of the wind farm space, occupied by all rotating wind wheels.
The main characteristics of a bird, determining the possibility of its collision with a turbine, are flight speed v j , length L 1 and wingspan L 2 . If the linear size of a bird is much less than the wind wheel depth, equal to d v sin(γ), the DZ volume is approximately equal toV
sin . In case of a big bird, the DZ depth should be counted down from the point of its beak appearing in the wind wheel plane to the point of a bird' tail location when its flies out of the DZ. The DZ volume is equal to
To predict the number of collisions of birds with turbines, we require information on angular velocity of the wind wheel rotation, geometric parameters of the WPP and the magnitude of the DZ volume.
2. Monitoring birds on the wind farm territory
Bird-watching sites on the territory of the designed farm are chosen in such a way that takes into consideration its landscape-biotropic features and possible ways of birds' flights from the surrounding buffer zones. Special attention is paid to observations at altitudes in a risk zone (RZ) of a collision with WPP turbines. The RZ occupies some space on bird-watching sites in the interval of altitudes δН between the lower Н 1 and the upper Н 2 levels of the WPP wind wheel edges: δН=Н 2 -Н 1 . Its volume is equal to
where S Risk is the area of bird-watching sites. It is assumed that the primary information about birds obtained on the territory of a wind farm is consistent with the recommendations from Fund "Scottish nature heritage" [20] . Table 1 shows the example of accounting the monitoring results in spring on 25.03.2017 on site 1 during monitoring in the morning hours from 8.00 to 11.00 and in the evening hours from 13.30 to 16.30 by the research results in [11] . When compiling Table 1 , the following abbreviations were used:
-The number of birds registered in the morning (M) or evening (E) time -N.
-Direction of migrants' flight: north -N, north-east -NE, east -E, south-east -SE, south -S, south-west -SW, west -W, north-west -NW.
-Height Н and length L of the flight on the given observation site.
-Time of a bird being on the site on the assigned interval of altitudes: t 1 is the total time, t 2 is at the height up to the lower level of a wind wheel, t 3 -in the interval of heights, corresponding to a wind wheel, t 4 -at the height higher than a wind wheel. Table 1 Results of monitoring birds in spring of 25.03.2017 on the observation site 1 in the morning (M) and evening (E) time, N is the number of registered birds [11] No.
Bird species Primary information presented by monitoring results is entered in the database, which is used for statistical analysis and prediction of birds' collisions with turbines.
3. Flight characteristics of birds
Flight characteristics of birds are determined by geometrical sizes, their flight speed and the ability to change a flight trajectory in the presence of obstacles. The bird's shape can be represented using a cruciform or a rectangular model. In the first case, a bird is considered in the shape of a cross with wings location midway between the beak and tip of the tail. The use of the cruciform shape understates the calculated probability of a collision. In a rectangular model when one of the sides of the rectangle is taken equal to the length of a bird L 1 and another -to wingspan L 2 , calculation value of probability is slightly overestimated.
Exactness of assigning flight speed v j for a bird of the j-th species largely determines the reliability of predicting the number of collision victims on wind power plants. In paper [21] , it is shown that value of v j for one and the same species may vary widely. Thus, the maximum magnitude v j during the flight of a sandwich tern, adjusted for individual variations and the flight type is (12.2±3.3) m/s. The lowest speed was observed during the search for food and was equal to (8.3±3.0) m/s.
Flight characteristics of birds used in the present work are presented in Table 2 . Table 2 Dimensions and flight speed of birds [22] Bird Table 2 shows that large species (Buteo buteo, Circus aeruginosus, Larus ridibundus) have lower speed compared to smaller species (Merops apiaster).
In paper [23] , extensive information on the ability of birds to shy away from an obstacle on its path was collected for 62 species of marine and 19 species of waterfowl. When performing calculations in this study, the magnitude of evasion coefficient f j in formula (2) was accepted equal to (0.05-0.1), which corresponds to the most unfavorable situation.
Algorithm of calculations for prediction of interaction between birds and turbines

1. Calculation of the number of birds' collisions with turbines
According to formula (1), the number n of collisions of birds of the j-th species with the WPP depends on the number of birds n jDang flying toward a wind wheel and the risk of their collision with turbine blades R fj . The value of n jDang is determined by processing monitoring results of birds' behavior on bird-watching sites. Let us introduce the following designations: -T Risk is the interval of time within which the monitoring is performed;
-n ij is the number of birds of the j-th species in the i-th group, flying at the same speed; -t ij is the time of a bird of the j-th species from the i-th group being in the RZ; -T jOper is the duration of a life cycle of a bird of the j-th species on the territory of a wind farm for one year of the WPP operation.
Activity of behavior of birds in the RZ will be determined using coefficient
Magnitude T jOper depends on migration routes and natural conditions of where the station is. For example, according to the data of paper [11] , the value of T jOper for birds of the Azov coast is determined, basically, by duration of migration processes in spring and autumn seasons. Let us assume that the number of birds and the duration of their stay in the RZ is known from observations and coefficient of their activity K jRisk is calculated from equation (7). Participants of monitoring are selected on the wind farm site, so behavior of birds in the dangerous zone and in the risk zone will be the same. It can be proven that in this case coefficient of activity of birds T jDang in the DZ will be determined from formula
where V Dang and V Risk are the volumes of DZ and RZ, respectively. The number of birds' collisions with the WPP blades at quite long observation time will be the same in all cases that satisfy condition K JRisk =const. For example, the number of collisions when 100 birds stay in the DZ for 10 seconds will be the same as in the case when 10 birds are in the same zone within 100 seconds.
Suppose that the birds that get to the DZ cross the wind wheel surface at right angle to it. Denote the time of flight of a bird of the j-th species through the wind wheel as τ j . Then the total number of birds flying through the DZ is determined from formula
and the expression to calculate the number of collisions (1) taking into consideration formula (8) takes the form of
The time of a bird flying through a wind wheel is equal to
where v j is the speed of a bird; L 1j is the length of a bird of the j-th species.
Substituting formula (11) in expression (10), we will obtain 
Expression (12) is the basic formula when calculating the number of bird collisions with turbines. To use it, it is necessary to determine the probability of a collision of one bird with wind wheel blades P j . The other parameters of the formula contain information on technical characteristics of the WPP, the flight speed of a bird and the results of monitoring of birds' behavior on observation sites.
2. Determining the probability of a bird collision with turbines
The risk of an injury to a bird flying through the rotor space is associated with rotating blades and the wind wheel central zone. The solution to the set problem can be obtained in three ways:
1. General problem statement is formulated in paper [14] , where formula (3) was applied for calculation of the probability of a collision of one bird with the WPP blades. Since the implementation of this formula in exact statement is impossible, the following assumptions were used when carrying out the calculations [14] :
-blade thickness is equal to zero; -angle of the direction of a bird's flight to the wind wheel surface is equal to 90°;
-geometrical characteristics of a bird are determined by length L 1 and wingspan L 2 .
2. The appropriateness of the WPF operation is usually considered before power capacities are put in operation, when some technical parameters of a farm can be unknown. In particular, function d(r) may be unknown. In this case, one can use the approximated solution obtained in research [17] . Suppose that the blade width retains its constant value along its length and is equal to d v . Within the flight time of a bird t j through the rotor, which is determined from formula (11), a wind wheel will be rotated at angle ωt j , where ω is the angular velocity of rotation, resulting in a blade moving to position B (Fig. 1 ).
Paper [17] provides a simple expression to compute the frontal area of one wind wheel blade S 1j responsible for its interaction with a bird: 
Similar expressions can be found for the other two blades S 2j and S 3j . The probability of a collision of one bird with a wind wheel is equal to
Formula (14), taking into consideration (13), after insignificant simplifications is converted to the form of 
3. Rough estimation. Modern WPP are characterized by large dimensions and low rate of turbines rotation. In this case, large birds face the greatest risk of collision with turbines. In paper [17] , it was found that for the length of birds in the interval of (0.28-0.54) m at the change of angular velocity from 7 to 14 rpm and the blade width from 3.0 m to 4.1 m, the value of P j is in the interval of 0.1…0.2. These results are consistent with the predictions in paper [14] , where the calculation magnitude of probability for approximately the same parameters of birds and the WPP are within 0.093-0.17. Thus, in the case of the lack of data on dependence d(r), it is possible to use rough estimation during analysis of the interaction of large birds to determine the probability of a collision of a bird flying through one wind wheel
Note that in empirical methods, the probability of a collision is accepted as equal to the constant [24] . Compare the accepted value of probability (16) with the data of observations of birds' death on the territories of different wind farms. In paper [25] , the facts of birds' collision with the WPP of the new generation of high power (1.65 MW), which are characterized by a large blade area, were collected and analyzed. According to data obtained, the risk of birds' collision with turbines is equal to R fj =0.0014. If we accept that f j =0.01, then according to formula (2) and empirical data on the mortality of birds (4), the probability of their collision with the WPP will prove to be equal to 0.14. The resulting value almost coincides with rough estimation of probability (16).
Description of functioning of the information system
The developed IS consists of three modules "Read", "Forecasting", "Write", which ensure, respectively, entering the original information, a mathematical model output of the analysis results on a display or a printer (Fig. 2) .
The first submodule "Read.Wind.Fime" of module "Read" is intended for entering and storage of data on characteristics of WPF, determining the possibility of birds' collision with turbines. The second submodule "Read.Monitoring" ensures entering and storage of the data on monitoring the wind farm territory. In fact, it is a database containing the monitoring results. The third submodule "Read.Wind.Birds" contains all parameters for individuals of various species that are required to calculate the interactions of birds with turbines (geometrical characteristics, flight speed, etc.).
The first submodule "Forecasting, Zone" in the second module "Forecasting" ensures determining the param- Software code is compiled based on the Windows Forms technology in the environment of software development Microsoft Visual Studio Community 2017. When implementing the code, the following elements were used: dataGridView, tabControl, comboBox, groupBox, button, label, checkListBox. The program is run by initiation of the executed file "Birds.exe". The main window which shows the content of tab "DB1", displaying the results of monitoring the wind farm territory, appears on the display. Fig. 3 shows the part of accounting data from observation protocols of the type of Table 1 . All the examples in this section refer to the results of monitoring on the territory of wind farm "Primorsk-1" [11] , where 5,923 birds of 45 species were accounted on three sections in 2017. By default, at the start of the program, all the information is uploaded into the table from the database file.
The "Calculate" button is located under the table in the main window. Its pressing initiates the process of calculating coefficients k1, k2, k3, k4 from formula (5), as as result of which the number of birds and the magnitude of coefficients k1, k2, k3, k4 is displayed, Fig. 4 . The values of the coefficients are required to calculate the number of collisions of birds with turbines from formulas (10) to (15) .
The second tab named "DB2" contains the second table with the results of processing the records found in the first table in tab "DB1". Fig. 5 shows the part of these data referring to all monitoring sites PS1, PS2, PS3. In this case, the information on all 5,923 birds available in the database will be processed. This table contains the data on the type, flight direction, flight altitude, as well as the values of parameters Σk1, Σk2, Σk3, Σk4. The major part of the birds (3,795 birds or 65 %) flew by transit. The feed group consisted of 2,113 birds (35 %), the share of the demonstration flights was 15 (less than 0.3 %). The third tab "Query" contains the forms that ensure the formation of a sample from the general database. An example of sample data is shown in Fig. 6 .
In this case, the sample contained four species of birds (Buteo buteo, Buteo lagopus, Carduelis carduelis, Chloris chloris), which were accounted on the first site in the morning of 13, 14 and 25, March, 2017. Subsequently, calculation of the number of collisions will be performed from this sample for the group of birds that are found in the zone of risk of collisions with the WPP turbines. Validation of the IS operation was carried out by comparing the obtained information with the results of paper [17] . The results of birds' migration observations on the territory of the wind farm "Primorsk-1" served as source data in calculations [11] . Computations were provided by submodules "Forecasting.Probability" and "Forecasting. Statistics" of the information system. The WPP parameters for calculations were consistent with the operation conditions of wind farm "Primorsk-1" with 26 WPP, which is located on the shore of the Sea of Azov. The rate of rotation of the blades was accepted equal to 14 rpm, the turbine bushings radius was 3 m, the blade length was 67 m, the blade width was 4.1 m. The angle between the chord of the blade cross-section and the wind wheel plane was 30°, the total area of the observation sites was 2.59 km 2 . The dimensions and the flight speed of birds are shown in Table 2. 72 birds of four species were accounted in the zone of risk of birds' collision with the rotor blades at the altitudes between 48 m and 182 m: Larus ridibundus (43), Merops apiaster (15) , Buteo buteo (5) и Circus aeruginosus (9). All they were registered in the periods of spring and autumn migration. The sum of products of the number of birds of every species by the time of their stay in the RZ in seconds was equal to 1440 s for Larus ridibundus, 495 s for Merops apiaster, 329 s for Circus aeruginosus and 142 s for Buteo buteo. Observations were held in the periods of spring and autumn migrations within 7 days for 6 hour a day for each of the migration period. Therefore, temporal parameters T Risk in formula (12) for different seasons were equal and made up T Risk (spring migration)=T Risk (autumn migration)=42 hours.
Spring migration of birds in the coastal area of the Sea of Azov is in the period from the beginning of March until the end of May and lasts approximately 85 days. The first flocks of migratory birds in autumn appear at the end of August. At the end of November, that is, after about 100 days, the migration is over. If we accept that the duration of the light part of the day is equal to 12:00, the magnitude T Oper (spring migration) will turn out to be equal to 1,020 hours and T Oper (autumn migration) -1,200 hours. The forecasted probabilities of crossing the birds' flight trajectory birds with the turbine blade surface and the numbers of collisions with the WPP corresponding to them are shown in Table 3 . Calculations were carried out using formulas (12) , (15) .
The results of program testing, presented in Table 3 , fully coincided with predictions in paper [17] . Table 4 shows the computations using the empirical model of the probability of collision of one bird with the WPP. In this case, the probability was calculated from formula: (16) and the number of collisions -from formula (12) .
According to the data of Table 3 , 4, parameters of interaction of birds with the WPP, found by various models, differ within 30 %. Parameters f j and T Oper have a stronger impact on forecast accuracy compared to the influence of probability of birds' collision with a turbine.
The obtained data are on the whole consistent with literary sources, in particular, with the data of the empirical model (4), according to which the average number of collisions of birds on 109 wind farms in Europe and North
Fig. 6. Selection of birds by assigned parameters
America is estimated by magnitude of 0.5-1.0 birds per one WPP [18] . Similar results are also presented in paper [26] . It is reported that the number of deaths of birds on the WPF territory in the United States and Canada in calculation per one turbine varies from 0 to 0.81. Table 3 Forecast of probability of collision of one bird P i with WPP and the number of collisions of n i birds at T Oper (spring)=1020 hours and T Oper (autumn)=1200 hours.
Calculations were made from formulas (12), (15) Bird species Table 4 Forecast of probability of collision of one bird P i with the WPP and the number of of collisions of n i birds at T Oper (spring)=1020 hours and T Oper (autumn)=1,200 hours with the use of the empirical model for probability (16) Species of bird 
2. Assessment of accuracy of forecasting results
Reliability of forecasting the interaction of birds with rotors is determined by accuracy of assigning three parameters of the mathematical model: Р j , f j and n jDang . The probability of a bird collision Р j depends on technical and operational characteristics of the WPP, flight properties of a bird and weather conditions. Dimensions and average rotation rate of the blades of modern WPP are comparable with each other. In this paper, we studied the influence of the rate of wind wheel rotation and blade dimensions on the probability of collision for birds having the length in the interval of (0.28-0.54) m. It turned out that at a change of angular velocity from 7 to 14 revolutions per minute and the blade width from 3.0 m to 4.1 m, the value of probability is in the range of 0.1...0.2.
High-power wind plant turbines are located at the altitude of about 50 meters and above. Flights at these altitudes are typical for large species. According to the data of paper [11] , their share is around 1-2 % of the total number of birds. As Table 2 shows, the dimensions and flight speeds of birds for species The value of K jRisk in the morning measurements amounted to 1,392, and at evening measurements -1,014. Weather conditions also affected the results of measurements -there were fewer birds on rainy and windy days and more birds in clear and dry weather. Such fluctuations are of a statistical nature, on the background of which it is possible to obtain reliable averaged data. It should be noted that a rather large sample of 5,923 birds of 45 species was processed in this study.
The flight speed of a particular bird depends on wind direction. However, the impact of wind direction on its speed is partially mitigated by the fact that the number of birds flying downwind and upwind is equal. In the first case, the speed increases, in second case it decreases, but on average the time of bird flight through the wind wheel, determined from formula (11), remains.
Thus, despite certain difficulties associated with using the source data, on the whole, the studied models give similar results. A more complex situation is related to the identification of the evasion coefficient f j . Its magnitude depends on weather conditions and type of birds. The value of f j is apparently in the range of 0.05-0.005 [13, 27] . If we accept magnitude f j equal to 0.05-0.01, as it was done in this work, the results obtained by us are in good agreement with literature data and empirical model (4) . That is why it is logical to assume that the most probable magnitude f j is in the interval 0.05-0.01.
Consider the role of parameter T Oper . Bird migration is not uniform. Thus, according to the data in work [11] , in 2017, the great majority of birds flew for over 46 days from March, 13 to April, 28 and in autumn in the period from September, 12 to November, 10 for 62 days. It is precisely these parameters that were used when performing calculations, which are shown in Tables 3, 4 . The greatest bird activity is known to be manifested during 3 hours the morning and 3 hours in the evening. That is why, to assess the duration of the life cycle of birds T Oper , it is possible to consider another option of selecting parameter T Oper : T Oper (spring migration)=276 hours, T Oper (autumn migration)=372 hours. In this case, the forecasted data decrease approximately by three times, at that, the total number of collisions per WPP will be 1.72 or 0.07 in calculation per one turbine for one year of operation. These values are much lower than the admissible number of birds' deaths on the wind farm territory.
The conducted analysis of the role of different factors when performing calculations shows that the main reason for inaccuracy is related to the choice of evasion coefficient and determining the duration of a life cycle of birds. Weather conditions also affect the forecasted parameters. The use a large amount of sample data eliminates this effect and makes it possible to obtain satisfactory results.
Discussion of effectiveness of the application of an information system for forecasting the death of birds on a wind farm territory
The developed information system uses various mathematical methods for assessment of the possibility of birds' death under actual conditions of WPF operation. The use of the most accurate model, formulas (3), (12) is possible if there is enough complete information on the technical characteristics of the WPP. The approximated model, formulas (12) , (15) , is limited by the assumption of the permanence of the width of a WPP blade along its length. The last most inaccurate model, formulas (12) , (16) , is based on the results of analysis of literature data on the probability of collision of birds with the wind wheel blade. Here, as a rough approximation, it was accepted that the value of P j does not depend on the characteristics of birds and the WPP structure and is equal to 0.15.
Reliability of forecasting is determined not so much by the correctness of using the mathematical methods as by assigning the source data by the technical parameters of the WPF, characteristics of birds and the data on their motion on the wind park territory. Calculation results showed that in the case of large birds and the high-power WPP, assigning the parameters of turbines, flight speed and dimensions of birds causes a relatively small error (less than 30 %). A higher margin of error is associated with the establishment of evasion coefficient and determining the duration of the vital cycle of birds on the wind farm territory.
Comparison of the obtained results of calculation within the mathematical model of the IS with the literary data [17, 18, 26] attests to the reliability of the proposed Statistical treatment of the data of monitoring the wind farm "Primorsk-1", which accounted for 5,923 birds of 45 species, showed that less than 1.3 % of the birds are in the risk group. This group consists of 72 individuals of four species: Larus ridibundus (43 birds), Merops apiaster (15 birds), Buteo buteo (5 birds) and Circus aeruginosus (9 birds). The most probable number of collisions of these birds with the farm turbines within one year of its operation is in the range of 1.7-6.5.
Thus, the IS ensures storage, processing the results of birds monitoring on the territory of the wind farm and prediction of the probability of their collision with turbines. The accuracy of the prediction is determined, to a large extent, by the adequacy of monitoring results and setting the WPF operating mode.
To enhance the reliability of forecasting, it is necessary to foresee empirical research in the following directions:
-accumulation of information on the territory of the wind farm and beyond it in line with methodical recommendation from Fund "Scottish natural heritage"; -increase in the observation duration during the periods of spring and autumn migration; -development and the use of new monitoring methods, providing a more precise definition of coefficient of birds' activity K jRisk on the territory of the wind farm, in particular, the route method of ornithological examination.
Acquisition and accumulation of new data will make it possible to refine the mathematical model and solve the problem under conditions of less rigid restrictions. In particular, it seems interesting to analyze the impact of the wind-rose on birds' collision with turbines and abandon the limiting assumption that birds' trajectories cross the wind wheel surface at right angle.
Conclusions
1. Different ways of using the mathematical model for forecasting the number of collisions of birds with the WPP turbines were proposed. The model implies the possibility of obtaining a prediction for various variants of information on the source data. Calculations show that the results of computations by various models differ by not more than 30 %. Consideration of the possibility of the wind farm construction is often carried out in conditions of incomplete information on technical and environmental issues. If the dimensions of birds and characteristics of a wind wheel are unknown, it is possible to be limited only by approximated calculation methods for the WPP with large dimensions and low rate of turbines' rotation. At complete absence of the source data, it is advisable to apply the results of the statistical analysis of bird mortality at 109 wind farms in Europe and North America, where about 0.5...1.0 collisions with turbines were recorded for one year of the WPF operation.
2. The program shell, ensuring the functioning of the IS was created. The developed IS contains the database for birds' monitoring, tool sets for statistical analysis of observation results and different variants of mathematical models for predicting the interactions of birds from turbines. The software product enables assessment of the birds of the time a bird flies through the WPF, find the probability of a bird's collision with a wind wheel and calculate the number of collisions of birds with turbines. The calculated data take into consideration the role of the main factors identified based on the analysis of literary sources. The main parameters that determine the interaction of birds with turbines are characteristics of the WPP, dimensions of birds, their flight speed, the number of the birds recorded in the risk zone and the duration of their stay in this zone.
3. Operability of the IS was tested on the example of studying the behavior of birds on the territory of the wind farm "Primorsk-1", located on the shore of the Sea of Azov. According to the data of monitoring, less than 1.3 % out of 5,923 birds of 45 species, registered on the territory of the farm within 2017, were in the zone of the risk of birds' collisions with rotor blades. This group of birds included 72 birds of four species: Larus ridibundus (43 birds), Merops apiaster (15 birds), Buteo buteo (5 birds) and Circus aeruginosus (9 birds). The predicted number of collisions is within 1.7-6.5 or 0.07-0.25 in calculation per one turbine, which is consistent with literature data.
